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BACKGROUND OF THE INVENTION 

Satellite television receivers generally include a lov^ noise block converter (LNB) 
at the satellite dish for controlling reception of satellite television signals. Functions of 

15 the LNB include downconverting received satellite signals, changing the frequency band 
of signal reception, changing the signal polarization of reception and, in some 
applications, controlling more than one receive antenna. For these purposes, the LNB 
requires control signals and pov^er, both of which are provided by circuitry housed in the 
box located near the television set through which a user can change the channel of 

20 reception (sometimes referred to as the "set top box"). Since only a single coaxial cable 
couples the LNB to the set top box, the control and power signals are carried by the 
single coaxial cable. 

EUTELSAT, a European organization which governs television satellite 
25 communications, establishes specifications for the low noise block converter control and 
power signals. Analog AC tone control signals are provided by a 22kHz, 600mV peak- 
to-peak signal which can be used to implement DiSEqC™ (Digital Satellite Equipment 
Control) encoding for the pxjrpose of changing the polarization and frequency band of 
received RF signals. Digital control information which is also used to change the 
30 frequency band of received RF signals is transmitted as a nominal 1 3 volt DC signal for a 
logic zero and as a nominal 1 8 volt DC signal for a logic one. In practice however, a 



logic zero corresponds more broadly to voltages between approximately 12-14 volts and 
a logic one corresponds to voltages between approximately 17-20 volts. Power to the 
LNB circuitry itself is provided by whatever DC voltage is being used to transmit digital 
control information at any given time. Further, the LNB circuitry requires on the order of 
5 0.6 amp of current. 



Adjustable linear amplifiers are conventionally used to provide the control and 
power signals to the LNB. In this arrangement, the linear amplifier provides an AC 
modulated output voltage which has an adjustable DC voltage level in order to provide a 
10 logic one voltage level or a logic zero voltage level in response to control signals from a 
microprocessor Mdthin the set top box. In order to provide the logic one voltage levels, 
the minimum input voltage to the linear amplifier is required to be on the order 20 volts. 
However, when a logic zero voltage level of 12 volts is selected, the resulting power 
dissipation of the linear amplifier approaches 5 watts. 

15 

One attempt at lowering the power dissipation associated with the use of a linear 
amplifier to provide power and control signals to an LNB is the LNBPIO Series LNB 
Supply and Control Voltage Regulator product of ST Microelectronics of Lincoln, 
Massachusetts. In this product, two input voltage levels are available to the linear 
20 amplifier, depending on which output voltage level is selected. The input voltage levels 
are provided by an unregulated AC/DC converter. 



While the ST product somewhat reduces power dissipation as compared to the 
conventional linear amplifier arrangement, use of the ST product requires two windings 
25 on the power transformer of the AC/DC converter, only one of which is in use at any 
given time, thereby adversely impacting the efficiency of the converter. Further, even 
with two input voltage levels, the voltages dropped across the linear amplifier are still 
significant. As a result, power dissipation is still high enough to require relatively large 
package dimensions due to power dissipation and thermal considerations. 
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SUMMARY OF THE INVENTION 



It is an object of the invention to provide a low power circuit for generating power 
5 and control signals for a low noise block converter (LNB). 

It is a further object of the invention to provide an LNB supply and control 
voltage regulator which can be housed in a smaller package with reduced heat sinking 
requirements than heretofore possible. 

10 

These and other objects of the invention are provided by an LNB supply and 
control voltage regulator which includes a DC/DC svdtch-mode power supply providing 
a regulated output voltage to a linear amplifier. The output voltage of the Hnear amplifier 
has an adjustable DC voltage level and is modulated by an analog AC tone signal to 
15 provide power and control signals to an LNB of a satellite receiver over a single 

conductor. The regulated output voltage of the DC/DC switch-mode power supply tracks 
the selected DC voltage level, so as to minimize the voltage drop across the linear 
amplifier. 

20 More particularly, the sv^tch-mode power supply has an input port to which a DC 

input voltage is applied, a feedback port responsive to a reference voltage indicative of 
the selected DC voltage level, and an output port at which the regulated, tracking output 
voltage is provided. The regulated output voltage is greater than the selected DC voltage 
level by a predetermined offset voltage. The linear amplifier has an input port coupled to 

25 the output port of the switch-mode power supply, a control port to which the reference 
voltage indicative of the selected DC voltage level is applied, and an output port at which 
an output voltage having the selected DC voltage level modulated by the analog AC tone 
signal is provided. 

30 With this arrangement, the voltage dropped across the linear ampKfier is 

minimized since the input voltage to the Unear amplifier is maintained at the 
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predetermined offset voltage greater than the amplifier's output voltage. The resulting 
lower power dissipation permits the LNB supply and control voltage regulator to be 
provided in the form of a monolithic integrated circuit having relatively small package 
dimensions, since heat sinking requirements are reduced. 

5 

It will be appreciated by those of ordinary skill in the art that the switch-mode 
power supply is capable of generating the different DC voltages necessary to provide the 
digital control signals and power to the LNB. However, use of the Unear amplifier is 
desirable to inject the analog AC tone signal. Thus, while for most applications, the use 

10 of a switch-mode power supply to provide the input voltage to a linear amplifier would 
be considered redundant, in the described satellite receiver application, this combination 
provides significant benefits. Specifically, the linear amplifier facilitates modulation by 
the analog AC tone signal and the switch-mode power supply provides a tracking input 
voltage to the linear amplifier in order to significantly reduce the power dissipation 

15 otherwise associated with the linear amplifier. 

The LNB supply and control voltage regulator fiirther includes a signal generator 
for generating the analog AC tone signal and for applying the analog AC tone signal to 
the linear amplifier to modulate the output voltage of the linear amplifier. In one 
20 embodiment, the analog AC tone signal modulates the reference voltage input to the 
hnear amplifier and in another embodiment, the analog AC tone signal modulates the 
feedback input of the linear amplifier. 

In applications in which the LNB supply and control voltage regulator controls 
25 more than one receive antenna, the output port of the linear amplifier includes first and 
second output port portions and the output voltage is provided at a selected one of the 
first and second output port portions in response to an output port control signal. 

In one embodiment, the switch-mode power supply has a buck topology and 
30 includes a current mode pulse-width-modulation controller. However, it will be 



4 



appreciated that other converter topologies and control techniques may be used while still 
reaUzing the advantages of the present invention. 

Also described is a method for providing power and control signals selected from 
5 a plurality of DC voltage levels and being modulated by an analog AC tone signal to 
satellite receiver apparatus on a single conductor. The method includes selecting one of 
the plurality of DC voltage levels and providing a regulated output voltage with a switch- 
mode power supply, with the regulated output voltage tracking the selected DC voltage 
level. The method further includes applying the regulated output voltage to a linear 
10 amplifier which provides an output voltage having the selected DC voltage level which is 
modulated by the analog AC tone signal 



BRIEF DESCRIPTION OF THE DRAWINGS 

15 

The foregoing features of this invention, as well as the invention itself, may be 
more fully understood from the following description of the drawings in which: 

Figure 1 is a block diagram of a portion of a satellite television receiver system 
20 including an LNB supply and control voltage regulator according to the invention; 

Figure 2 is a block diagram of the LNB supply and control voltage regulator of 
Figure 1; 

25 Figure 3 is a simplified schematic of an illustrative switch-mode power supply for 

use in the LNB supply and control voltage regulator of Figure 2; and 

Figures 4 and 4A are a schematic of the LNB supply and control voltage regulator 
of Figure 2. 

30 
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DETAILED DESCRIPTION OF THE INVENTION 



5 Referring to Figure 1 , a portion 1 0 of a satellite television receiver system 

includes a satellite dish 14 having a low noise block converter (LNB) 34 for controlling 
reception of satellite television signals. The LNB 34 receives power and control signals 
from a set top box 16 via a single coaxial cable 18, The set top box 16 typically sits on 
top of, or adjacent to a television 20 and is response to input signals from the viewer to 

10 vary the frequency of signal reception. To this end, the set top box 16 includes a 

microprocessor 24 and an LNB supply and control voltage regulator 30 according to the 
invention. 



:p The set top box 16 receives a DC input voltage, Vin, from an offline AC/DC 

i,^ 15 converter 26 which is fiirther coupled to a standard 120-240 volt AC source 28, as shown. 
The offline AC/DC converter 26 provides the Vin voltage between 22-47 volts. 

V-i 

As noted above, the control signals to the LNB 34 include an analog AC tone 
j"^ signal in the form of a 22kHz, 600mV peak-to-peak signal and digital control signals in 

y 20 the form of a nominal 1 3 volt DC signal for a logic zero and a nominal 1 8 volt DC signal 
for a logic one. In practice however, a logic zero corresponds more broadly to voltages 
between approximately 12-14 volts and a logic one corresponds to voltages between 
approximately 17-20 volts. Power to the LNB circuitry itself is provided by the digital 
control signal voltage. The LNB circuitry requires a current on the order of 0.6 amp. 

25 

The LNB supply and control voltage regulator 30 provides power and control 
signals to the LNB 34 in the form of an output signal, LNB, which has a DC voltage level 
selected from a plurality of levels to provide a logic one or logic zero and which is 
modulated by the analog AC tone signal. The LNB signal is provided to the LNB 34 at 
30 the satellite dish 14 via coaxial cable 18. The LNB supply and control voltage regulator 
30 is responsive to signals 38, 44 for selecting the appropriate DC voltage level for the 
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LNB signal More particularly, the microprocessor 24 generates control signals 38 in 
response to user input signals 44 and the LNB supply and control voltage regulator 30 is 
further responsive to one or more additional user inputs 44, as will be described. It will 
be appreciated by those of ordinary skill in the art that the user input signals 44 may be 
5 provided by various user interface apparatus, such as with a remote control or with front 
panel switches. 

Referring also to Figure 2, the LNB supply and control voltage regulator 30 
includes a switch-mode power supply 50 having an input port 52a to which the Vin 

10 voltage is applied, a feedback port 52b to which a reference voltage, Vref, is applied, and 
an output port 52c at which a regulated output voltage, Vbulk, is provided on signal line 
94. The Vref voltage 62 is generated by a reference voltage generator 60 and is 
indicative of the selected DC voltage level for the LNB signal on line 1 8. The Vbulk 
voltage tracks the selected DC voltage level for the LNB signal. In particular, the Vbulk 

15 voltage is maintained at a predetermined amount greater than the voltage level of the 
LNB signal. 

The LNB supply and control voltage regulator 30 further includes a linear 
amplifier 56 having an input port 58a coupled to the output port 52c of said switch-mode 
20 power supply 50, a control port 58b to which the Vref voltage is applied for selecting the 
DC voltage level of the LNB signal, and an output port 58c at which the LNB signal 
having the selected DC voltage level and being modulated by an analog AC tone signal is 
provided, 

25 The Vref voltage 62 sets, and is indicative of the DC voltage level of the LNB 

output signal. Thus, the Vref voltage is preferably provided by a high precision voltage 
source in order to ensiire that the LNB signal represents the correct digital control 
information. Various circuits are suitable for generating a precise Vref voltage. One 
suitable reference voltage generator 60 is shown in Figure 4 and described below. 
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In the illustrative embodiment, the Vref voltage 62 is equal to one-sixth of the 
selected DC voltage level of the LNB signal. It will be appreciated by those of ordinary 
skill in the art however that the Vref voltage may alternatively be equal to or may be 
otherwise proportional to, or indicative of the selected DC voltage level. 

The Vref voltage 62 is generated by the reference voltage generator 60 in 
response to a VSELO control signal and a VSELl control signal from the microprocessor 
24 (collectively labeled 38 in Figure 1) and to an LLC user input signal 44. The VSELO 
and VSELl control signals in tum are generated by the microprocessor 24 in response to 
user input signals 44, such as a user channel selection selected via a remote control. The 
LLC user input signal 44 is provided by a switch setting on the set top box 16. 

In the illustrative embodiment, the DC voltage level of the LNB signal is selected 
from 12, 13, 18 and 20 volts. Further, the LNB signal voltage optionally may be 
increased by 1 volt in order to compensate for voltage drop in the coaxial cable 18 
(Figure 1). A logic high LLC signal serves to increase the DC voltage of the LNB signal 
by 1 volt. 

In the illustrative embodiment, the DC voltage level of the LNB signal is selected 
according to the following table and the reference voltage 62 is generated at a voltage 
level equal to one-sixth of the selected DC level: 



VSELO VSELl LLC=0 LLC-1 

0 0 13 volts 14 volts 

0 1 18 volts 19 volts 

1 0 12 volts 13 volts 
1 1 20 volts 21 volts 



The analog AC tone signal 64 is generated by an AC signal source 68 and can be 
appHed the linear amplifier 56 to modulate its output voltage by various techniques. The 
block diagram of Figure 2 illustrates one such technique in which the analog AC tone 
signal 64 modulates the Vref voltage 62 under the control of a switch SWl . Switch SWl 
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is controlled by an ENT tone enable signal 38 generated by the microprocessor 24 in 
response to a user input 44. More particularly, the microprocessor 24 uses a look up table 
to determine which of two possible antenna polarizations is required to receive RF 
signals corresponding to a particular channel selected by a user input 44. An alternative 
5 technique for applying the analog AC tone signal to the linear amplifier 56 is illustrated 
in Figure 4 and described below. 



The Vbulk output voltage 94 of the power supply 50 is maintained at a voltage 
level that is a predetermined amount greater than the LNB output signal. Further, the 
10 predetermined amount, or offset between the LNB signal and the Vbulk voltage is 

selected to be as small as possible while still providing sufficient input voltage to enable 
the linear amplifier to supply the selected output voltage, given the forward resistance 
and current supplied by the linear amplifier. In the illustrative embodiment, the 
predetermined offset voltage is on the order of 0.8 volts. 

15 

With this arrangement, the voltage drop across the linear amplifier 56 is 
maintained at the relatively low offset voltage and the power dissipation associated v^th 
the linear amplifier 56 is likewise minimized. Li the illustrative embodiment, the power 
dissipation associated with the linear ampUfier is on the order of one-half watt. Such 

20 lower power dissipation advantageously permits the monolithic LNB supply and control 
voltage regulator 30 to be provided in a relatively small and inexpensive package with 
lesser heat sinking requirements than conventionally possible. Thus, while in most 
applications, the use of a switch-mode power supply to provide the input voltage to a 
linear amplifier would be considered redundant, in the described satellite receiver 

25 application, this combination provides significant benefits. 

Referring also to Figure 3, an illustrative buck topology for the switch-mode 
power supply 50 of the LNB supply and control voltage regulator 30 is shown. It will be 
appreciated by those of ordinary skill in the art that other power supply topologies, such 
30 as a boost converter, may be utilized while still realizing the advantages of the present 
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invention. The illustrated buck converter 50 is preferred since it steps down the Vin 
voltage With relatively high efficiency and lov^ losses. 



Input port 52a of the powder supply 50 receives the DC Vin voltage and is coupled 
5 to a first terminal 82a of a power transistor 80. A second terminal 82b of the transistor 80 
is coupled to an inductor 84 and a control terminal 82c of the transistor 80 is responsive 
to a transistor drive signal 110 fi-om a pulse-width-modulation (PWM) controller 112. 
The illustrated transistor 80 is aN-type Metal Oxide Field Effect Transistor (MOSFET). 
However, it will be appreciated by those of ordinary skill in the art that other transistor 
10 types may be suitable for use in the power supply 50. In the illustrative embodiment, the 
Vin voltage is on the order of 22 to 47 volts and Vbulk output voltage on line 94 is 
between 12-21 volts. 

The inductor 84 is further coupled to a capacitor 90 and to the output terminal 52c 
15 of the power supply at which the regulated Vbulk voltage is provided. A firee-wheeling 
diode 92 is coupled across the series-coupled inductor 84 and capacitor 90, as shown. 

The PWM controller 112 includes an offset voltage generator 102, an error 
amplifier 98, and a PWM comparator 108, as shown. The Vbulk output voltage is 
20 divided by resistor divider 132 and fed back to the inverting input terminal of the error 
amplifier 98. In the illustrative embodiment, the resistor divider 132 divides the Vbulk 
vohage by a factor of six. The Vref voltage is coupled to the non-inverting input terminal 
of the error amplifier 98 through the offset voltage generator 102, as shown. The offset 
voltage generator 102 adds a predetermined offset voltage, Voffset, to the Vref voltage. 

25 

The Ve error voltage 104 is coupled to the PWM comparator 108 which generates 
the transistor drive signal 1 10 by comparison of the Ve error voltage to a sawtooth 
waveform. In the illustrative embodiment, the PWM controller 1 12 is a current mode 
controller and thus, the sawtooth waveform is indicative of the power supply output 
30 current waveform. However, it will be appreciated by those of ordinary skill in the art 
that voltage mode controllers are Ukevvdse suitable for use in the power supply 50. The 

10 



transistor drive signal 110 varies the duty cycle (ratio of on time to off time) of the 
transistor 80 as necessary in order to maintain the Vbulk voltage at a voltage level equal 
to the Voffset voltage plus the selected DC voltage level for the LNB signal. The Vbulk 
output voltage is equal to the Vin input voltage multiplied by the duty cycle of the 
5 transistor 80. 

In operation, v^hen the transistor 80 is on, the diode 92 is reverse-biased and the 
output current is supplied from the input source Vin through the transistor 80. When the 
transistor 80 is off, the diode 92 conducts and the output current is supphed by the 
10 inductor 84 and capacitor 90. The inductor 84 and capacitor 90 form an LC filter for 
reducing the ripple component of the Vbulk output voltage. 

In the illustrative embodiment, the sv^tching frequency of the pov^er supply 50 is 
on the order of 352KHz. However, it will be appreciated by those of ordinary skill in the 
15 art that the switching frequency can be readily varied in order to optimize known 
tradeoffs, such as component cost and the size of the LC filter. 

With the above-described power supply 50, the Vbulk output voltage is 
maintained at a voltage level that is greater than the selected DC voltage level for the 
20 LNB signal by an amount equal to the Voffset voltage. Thus, only the Voffset voltage is 
dropped across the linear amplifier 56. In this way, the power dissipation associated with 
the linear amplifier 56 is minimized. 

Referring also to Figures 4 and 4A, a schematic of an LNB supply and control 
25 voltage regulator 30* according to the invention is shown in which Uke components are 
designated by like characters. The regulator 30* is substantially similar to the regulator 
30 of Figure 2 with the following exceptions. First, the regulator 30' of Figure 4 applies 
the analog AC tone signal to modulate the linear amplifier output signal by a different 
technique than is shown in Figure 2. Further, the regulator 30' of Figure 4 is designed to 
30 control a selected one of two receive antenna, or antenna heads. For this purpose, the 
regulator 30' includes a first output port LNB A and a second output port LNBB and the 
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LNB signal is provided at a selected one of the LNBA and LNBB ports, as will be 
described. The regulator 30* includes additional circuitry not shown in the regulator 30 of 
Figure 2, such as current Umit and thermal shutdown circuitry, as will be described. 

In the illustrative embodiment, the components within the border 100 are 
incorporated into a monolithic integrated circuit (IC). It will be appreciated by those of 
ordinary skill in the art however, that the regulator 30' may be provided entirely by 
discrete components or the components that are incorporated into the IC may be varied 
(i.e., some components illustrated as being on the IC may be provided off-chip and some 
components that are illustrated as being provided off-chip may be incorporated into the 
IC). In the illustrative embodiment, the IC is provided in a 24 pin dual in-line package 
(DIP) or an Small Outline IC (SOIC) power-tab package. 

The LNB supply and control voltage regulator 30' includes switch-mode power 
supply 50, linear ampUfier 56, reference voltage generator 60, and analog AC tone signal 
generator 68. The reference voltage generator 60 includes a bandgap voltage generator 
120 which provides a plurality of precise voltage outputs 122. A voltage selector 124 is 
coupled to the outputs 122 of the bandgap voltage generator 120 and is responsive to 
VSELO, VSELl control signals 38 from the microprocessor 24 (Figure 1) and the LLC 
user input signal 44 for selecting the DC voltage level of the LNB signal and the Vref 
voltage 62 which, in the illustrative embodiment, is one-sixth the LNB signal voltage. 
The Vref voltage 62 is coupled to the linear amplifier 56, as shown. An external 
capacitor may be coupled to a TCAP terminal 66 of the IC 100 in order to set the rise and 
fall times of the LNB output signal by adjusting the slew rate of the Vref voltage 62. 

The linear amplifier 56 includes an error amplifier 130 having a non-inverting 
input coupled to the Vref voltage 62, a first inverting input which receives a feedback 
signal from the output of the error amplifier through resistor divider 132, and a second 
inverting input 134 which receives a current limit signal. In operation, the error amplifier 
130 maintains its output voltage at the level of the Vref voltage xmless an overcurrent 
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condition exists, in which case the output voltage of the error amplifier is decreased in 
order to thereby decrease the output current provided by the linear amplifier. 

The linear amplifier 56 fiirther includes a buffer 138 which has a first input 
5 coupled to the output of error amplifier 1 30 and a second input to which the AC tone 
signal 64 is applied. The buffer 138 modulates the output of the error amplifier 130 by 
the AC tone control signal. Thus, in the embodiment of Figures 4 and 4A, the Act tone 
signal 64 is applied to the feedback node of the linear amplifier 56; whereas, in Figure 2, 
the AC tone signal 64 is applied to the Vref voltage. 

10 

A logic input signal OSEL provided to the IC 100 is used to select between the 
two output ports LNBA and LNBB of the linear amplifier 56. In particular, the OSEL 
signal controls a pair of switches 142, 144. In the illustrative embodiment, when the 
OSEL signal is at a logic high level, the LNBA output is disabled and the LNBB output is 
15 enabled; whereas, when the OSEL signal is at a logic low level, the LNBA output is 
enabled and the LNBB output is disabled. Each of the LNBA and LNBB outputs is 
coupled to a respective coaxial cable 18a, 18b which is further coupled to a respective 
antenna, or antenna head at a satellite dish 14 (Figure 1). 

20 More particularly, when the OSEL signal is at a logic high level, the first switch 

142 couples the output of the linear amplifier buffer 138 to an LNBA output stage 156 
and also couples the feedback input of the buffer 138 to the LNBA output stage 156. 
When the OSEL signal is at a logic low level, the second switch 144 couples the output 
of the linear amplifier buffer 138 to an LNBB output stage 158 and also couples the 

25 feedback input of the buffer 138 to the LNBB output stage 158. Output stages 156, 158 
are capable of sourcing the required 0.6 amps of current to the LNB 34, 

It will be appreciated by those of ordinary skill in the art that the topology of the 
linear amplifier 56 may be varied while still providing the fimctionality of buffering the 
30 Vref voltage 62 and modulating the linear amplifier output signal by the analog AC tone 
signal 64. 
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The switch-mode power supply 50 includes the power MOSFET 80 having a first 
terminal 82a to which the Vin voltage is coupled, a second terminal 82b coupled to the 
inductor 84 and to diode 92 and a control terminal 82c responsive to transistor drive 
5 signal 110. The transistor drive signal 1 10 is provided by the current mode PWM 
controller 112. The inductor 84 is further coupled to capacitor 90 across which the 
regulated Vbulk voltage is provided on signal line 94, as shown. 

The Vbulk voltage is fed back to the PWM controller 112, and hi particular is 
10 coupled to the inverting input terminal of the error amplifier 98. The non-invertmg input 
terminal of the error ampUfier 98 is coupled to the output of the linear ampUfier error 
amplifier 130 through resistor divider 132 and offset voltage generator 102. The resistor 
divider 132 divides the LNB output voltage by six in the illustrative embodiment. The 
current sense PWM comparator 108 compares a waveform indicative of the Vbulk 
15 current to a voltage equal to the Voffset voltage plus the Vref voltage in order to provide 
the transistor drive signal 110 with the necessary duty cycle to maintain the Vbulk 
vohage at the LNB voltage plus the offset voltage. In the illustrative embodiment, the 
PWM controller 112 incorporates slope compensation. 

20 An intemal regulated supply 146 receives the Vin voltage and provides a 

regulated output voltage on signal line 148 to the IC circuitry including a charge pump 
152. The charge pump 152 generates a voltage, VPUMP, which is on the order of 6V 
greater than the Vin voltage for powering the IC circuitry. The charge pump 152 further 
provides a disable signal 154 to the PWM controller 1 12 in order to disable the PWM 

25 controller if the VPUMP voltage falls below a predetermined level below which prevents 
the FET from conducting fully. 

The analog AC tone signal generator 68 uicludes an nx22KHz clock generator 
160 providing a clock signal to the clock uiput of the PWM controller 1 12 and to a 
30 divider 164. In the illustrative embodiment, the clock generator 160 generates a clock 
signal 162 having a frequency of 352KHz factory trimmed to +/- 2KHz. The divider 164 
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divides the frequency of the clock signal 162 by n, such as n=16 in the illustrative 
embodiment, to provide the 22KHz AC tone signal 64 to a slew control circuit 168. The 
output of the slev^ control circuit 168 is coupled to the sv^tch SWl which is controlled by 
the ENT tone enable control signal. The ENT signal activates modulation of the linear 
5 amplifier output signal with the analog AC tone signal of 0.6 volts peak-to-peak and 
22KHz+/-2KHz. 



The analog AC tone signal generator 68 further includes an external modulation 
interface 170 which permits the luiear amplifier output signal to be modulated by an 
10 external signal applied to an EXTM terminal of the IC 100. 



The regulator 30' fiuther includes current limit and thermal shutdown circuitry. 
The current limit circuit includes a comparator 180 and provides short circuit protection 
to the LNBA and LNBB outputs. The comparator 180 has an inverting input terminal 

15 responsive to the Vbulk voltage and a non-inverting input terminal responsive to the 

Vbulk current as provided by sense resistor 182 through an offset voltage generator 184. 
When the sensed current exceeds the Vbulk output voltage by an amount equal to the 
offset voltage 1 84, the output of the current limit comparator 1 80 transitions to a logic 
high level and causes the linear amplifier error amplifier 130 to decrease its output 

20 vokage and thus also to decrease the DC level of the LNB output voltage. The maximum 
current is set by adjusting the value of the sense resistor 1 82. In particular, in the 
illustrative embodiment, the maximum current is equal to 0.15 divided by the value of the 
sense resistor 182. 



25 Various circuitry and techniques are suitable for monitoring for an 

overtemperature condition in order to provide a thermal shutdown fiinction. As one 
example, a fixed voltage may be applied to a Darhngton trmsistor 176 and the Vbe 
voltage monitored. An overtemperature condition is indicated if the Vbe voltage falls to 
below a predetermined level. 
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An OLF pin 190 of the IC 100 permits diagnostic information to be obtained. In 
particular, an over current condition, a short circuit condition, or thermal shutdown 
condition causes the voltage at the OLF terminal to transition to a logic low level m order 
to thereby indicate a fault condition. 

The regulator 30' is capable of operating in a standby mode under the control of a 
logic input signal, EN. When the EN signal is at a logic low level, then both the LNBA 
and LNBB output signals are disabled. This feature allows the antenna downconverters 
to be supplied and controlled by other satellite receivers sharing the same coaxial cable 
18 (Figure 1). 

Having described the preferred embodiments of the mvention, it will now become 
apparent to one of ordinary skill in the art that other embodiments incorporating their 
concepts may be used. 

It is felt therefore that these embodiments should not be limited to disclosed 
embodiments but rather should be limited only by the spirit and scope of the appended 
claims. For example, it will be appreciated by those of ordinary skill in the art that the 
circuitry and techniques described herein provide the same advantages in satellite 
systems other than television satellite systems. All publications and references cited 
herein are expressly incorporated herein by reference in their entirety. 

What is claimed is: 
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1 1 . A circuit for providing a power and control signal selected from a plurality of DC 

2 voltage levels and being modulated by an analog AC tone signal to satellite receiver 

3 apparatus on a single conductor, comprising: 

4 a switch-mode power supply having an input port to which an input voltage is 

5 applied, a feedback port responsive to a reference voltage indicative of said selected DC 

6 voltage level, and an output port at which a regulated output voltage is provided, wherein 

7 said regulated output voltage is greater than said selected DC voltage level by a 

8 predetermined amovmt; and 

9 a linear amplifier having an input port coupled to said output port of said switch- 

10 mode power supply, a control port to which said reference voltage indicative of said 

1 1 selected DC voltage level is applied, and an output port at which an output voltage 

12 having the selected DC voltage level and being modulated by the analog AC tone signal 

13 is provided. 

1 2. The circuit of claim 1 wherein said satellite receiver apparatus comprises a low 

2 noise block converter of a satellite television system. 

1 3. The circuit of claim 1 further comprising a signal generator for generating said 

2 analog AC tone signal and for applying said analog AC tone signal to said linear 

3 amplifier. 

1 4. The circuit of claim 1 wherein said switch-mode power supply is a buck 

2 converter. 

1 5. The circuit of claim 1 wherein said switch-mode power supply is a boost 

2 converter. 

1 6. The circuit of claim 1 wherein said output port of said linear amplifier comprises 

2 a first output port portion and a second output port portion and wherein said output 

3 voltage of said linear amplifier is provided at a selected one of said first and second 

4 output port portions in response to an output port control signal. 
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1 7. A method for providing a power and control signal selected from a plurality of DC 

2 voltage levels and being modulated by an analog AC tone signal to satellite receiver 

3 apparatus on a single conductor, comprising the steps of: 

4 selecting one of said plurality of DC voltage levels; 

5 providing a regulated output voltage v^ith a switch-mode power supply, said 

6 regulated output voltage having a voltage level greater than said selected DC voltage 

7 level by a predetermined amount; and 

8 applying said regulated output voltage to a linear amplifier, said linear amplifier 

9 providing an output voltage having said selected DC voltage level and being modulated 
10 by said analog AC tone signal. 

1 8. The method of claim 7 further comprising the step of providing said output 

^ 2 voltage of said linear amplifier to a low noise block converter of a satellite television 

^t- 3 system. 

1 9. The method of claim 7 fiirther comprising the steps of: 

2 generating said analog AC tone signal; and 

3 applying said analog AC tone signal to said linear amplifier. 

%j 1 10. The method of claim 7 wherein said linear amplifier provides said output voltage at a 
2 selected one of a plurality of output ports. 

1 1 1 . A circuit for providing a power and control signal selected from a plurality of DC 

2 voltage levels and being modulated by an analog AC tone signal to a low noise block 

3 converter of a satellite television system on a single coaxial cable, comprising: 

4 a switch-mode power supply having an input port to which an input voltage is 

5 applied, a feedback port to which a reference voltage indicative of said selected DC 

6 voltage level is applied, and an output port at which a regulated output voltage is 

7 provided, wherein said regulated output voltage is greater than said reference voltage by a 

8 predetermined amount; 
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9 a linear amplifier having an input port coupled to said output port of said switch- 

10 mode power supply, a control port to which said reference voltage indicative of said 

1 1 selected DC voltage level is applied, and an output port at which an output voltage 

12 having the selected DC voltage level is provided; and 

13 a signal generator for generating said analog AC tone signal and for applyuig said 

14 analog AC tone signal to said linear amplifier, wherein said output voltage of said linear 

15 amplifier is modulated by said analog AC tone signal 

1 12. The circuit of claim 1 1 wherein said switch-mode power supply comprises: 

2 an error amplifier having a first input responsive to said reference voltage, a 

3 second, feedback input, and an output at which an error signal is provided; 

4 a pulse- width-modulation comparator responsive to said error signal for providing 

5 a transistor drive signal; 

6 a transistor having a first terminal to which said input voltage is applied, a second 

7 terminal, and a control terminal responsive to said transistor drive signal; and 

8 an inductor having a first terminal coupled to said second terminal of said 

9 transistor and a second terminal at which said output voltage of said linear amplifier is 

10 provided, wherein said output voltage is coupled to said feedback input of said error 

1 1 amplifier. 

1 13. The circuit of claim 12 further comprising an offset voltage generator coupled 

2 between said reference voltage and said first input of said error amplifier, 

1 14. circuit of claim 12 wherein said error amplifier and said pulse- width-modulation 

2 comparator comprise a current mode pulse-width-modulation controller. 
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ABSTRACT OF THE DISCLOSURE 



A low power circuit for providing power and control signals to a low noise block 
converter of a satellite receiver over a single coaxial cable includes a tracking switch- 
mode power supply. The power and control signals have a DC voltage level selected 
from a plurality of DC voltage levels and are modulated by an analog AC tone signal 
The switch-mode power supply provides a regulated output voltage which tracks the 
selected DC voltage level. The regulated output voltage provides the input voltage to an 
adjustable linear amplifier which generates an output voltage having the selected DC 
voltage level modulated by the analog AC tone signal. 
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UNITED STATES LETTERS PATENT APPLICATION 



As a below-named inventor, I, Oliver L, Richards and Paul M. Greenland, hereby declare that: 

My residence, post-office address and citizenship are as stated belov^ next to my name. 

I believe I am an original, first and joint inventor of the subject matter v^hich is claimed and for 
which a patent is sought on the invention entitled: LOWNOISE BLOCK SUPPLY AND CONTROL VOLTAGE 
REGULATOR, the specification of which is attached hereto and identified as Attorney Docket No. 
ALLEG-017PUS. 

I hereby state that I have reviewed and understand the contents of the above-identified application 
specification, including the claims, as amended by any amendment specifically referred to herein. 

I acknowledge the duty to disclose all information known to me that is material to patentability in 
accordance with Title 37, Code of Federal Regulations, §1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code §1 19(a)-(d) of any foreign 
application(s) for patent or inventor's certificate listed below and have also identified below any 
foreign application for patent or inventor's certificate having a filing date before that of the 
application on which priority is claimed: 
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is not disclosed in the prior United States application in the manner provided by the first paragraph 
of Title 35, United State Code, §112, 1 acknowledge the duty to disclose all information that is 
material to patentability in accordance with Title 37, Code of Federal Regulations, §1.56, and which 
became available to me between the filing date of the prior apphcation and the national or PCT 
international filing date of this application: 
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Date of Filing 
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were made with the knowledge that willM false statements and the like so made are punishable by 
jSne or hnprisonment or both under Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application or any patent issued thereon. 
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Judith C. Crowley Reg. No. 35,091 

Christopher S. Daly Reg. No. 37,303 

Donald F. Moflford Reg. No. 33,740 

all of Daly, Crowley and Mofford, LLP, PO Box 5057, Norwell, Massachusetts 02061-2516, jointly, 
and each of them severally, my attorneys at law, with full power of substitution, delegation and 
revocation, to prosecute this application, to make alterations and amendments therein, to receive the 
patent, and to transact all business in the Patent and Trademark Office connected therewith. 

Please direct all telephone calls and address all correspondence to: 

Judith C. Crowley, Esq. 
Daly, Crowley & Moflford, LLP 
P.O. Box 5057 
Norwell, MA 02061-2516 
Telephone no. (781) 659-2288 
Facsimile: (781) 659-8866 



Full name of sole or Joint Inventor 




Oliver L. Richards 




Inventor's Signature 


Date 


Residence 




12 Rachel Drive, Thompson, Connecticut 06255 




Coxmtry of Citizenship 




United States 




Post Office Address (if different) 



3 



Patent 

Docket No. ALLEG-017PUS 



Full name of sole or Joint Inventor 




Paul M. Greenland 




Inventor's Signature 


Date 


Residence 




12 Fox Hollow Road, Worcester, MA 01605 




Country of Citizenship 




United Kingdom 




Post Office Address (if different) 



4 



